INTRODUCTION
============

Current trends in metabolic diseases, such as metabolic syndrome, diabetes mellites, hypertension, and cerebrovascular disease, which are highly related to lifestyle \[[@B1][@B2]\], show an overall increase in prevalence. Globally, the world prevalence of diabetes among adults was 6.4% in 2010 and will increase up to 7.7% by 2030 \[[@B3]\]. The prevalence of metabolic syndrome in Korea was 24.9% and 29.0% in 1998 and 2013, respectively. Therefore, there was a 16% increase in numbers of adults with metabolic syndrome \[[@B4][@B5]\]. As a result, medical expenditures rate increased by 6.8% from 2005 to 2015 in Korea \[[@B6]\]; thus, preventive management is emphasized nationally. The lack of physical activity, diet-related factors, and chronic inflammation has been reported as major factors related to metabolic diseases \[[@B7]\]. Chronic inflammation is related to both the expression and progression of metabolic diseases. High-sensitivity C-reactive protein (hs-CRP), nuclear factor kappa B (NF-κB), interleukin-6 (IL-6), and tumor necrosis factor α (TNF-α) are known to be typical inflammatory indexes. The American Heart Association and Centers for Disease Control and Prevention (AHA/CDCP) have proposed the use of hs-CRP as a risk assessment index in patients with cardiovascular disease (CVD) \[[@B8]\].

Several studies have been shown that chronic inflammation is also highly associated with dietary factors. The relationship between inflammation and nutrients, such as vitamins, complex carbohydrates, and dietary fiber, has been reported \[[@B9][@B10][@B11][@B12][@B13]\], and food group intake such as vegetables, fruits \[[@B14]\] and whole grains \[[@B15]\] have been found to decrease inflammation. Dietary patterns, as well as single nutrients and foods, have been reported to be associated with chronic inflammation, and the mediterranean diet has been reported to be a typical anti-inflammatory dietary pattern \[[@B16]\]. On the contrary, Western dietary patterns that involve the consumption of high-fat red meat, high-fat dairy products, and refined grains are related to chronic inflammation \[[@B17]\].

Thus, Shivappa et al. \[[@B18]\] developed a noninvasive method of estimating inflammation associated with dietary intake using systematic literature review data. The results of studying US and Europe-centered dietary inflammatory index (DII) showed that the increase in DII correlates with the risk of asthma, depression, and various cancers, as well as risk of mortality owing to cancer \[[@B19]\]; further, it correlates with the risk of metabolic syndrome \[[@B20]\] and cerebrovascular disease \[[@B21][@B22][@B23]\], which are representative of metabolic diseases. The variables used in the formula for DII are the 39 nutrients and 6 food intakes data, which are derived from the nutrient analysis process after the dietary intake survey. Therefore, there is a limitation that it is difficult to directly evaluate the dietary inflammatory status in the clinical nutrition field. In addition, Tabung et al. \[[@B24]\] developed the empirical dietary inflammatory index (EDII) that can be assessed with only food intake calculation without nutrient analysis. Although EDII is advantageous that it can be used immediately in the field, the food category is mainly composed with Western diet, so it is limited for use in evaluating food inflammation in Koreans. In the previous study we developed the Korean dietary inflammatory index (K-DII), reflecting Korean dietary patterns that can be used immediately in the field \[[@B25]\]. However, inflammation related food categories were derived based on hs-CRP levels \> 3 ml/L, which is used as an index of cardiovascular disease. In this study, we aimed to develop a dietary inflammatory evaluation tool that composed with food categories which are reflecting chronic inflammatory status rather than specific diseases.

Therefore, this study aimed 1) to develop the Food-based Index of Dietary Inflammatory Potential (FBDI) model as a food intake weight reflecting the dietary pattern for Korean people and 2) to examine whether the FBDI developed using the Korean Genome and Epidemiology Study (KoGES) data is associated with metabolic biomarkers and metabolic syndrome in the Korea National Health and Nutrition Examination Survey (KNHANES).

SUBJECTS AND METHO
==================

Development of the FBDI assessment tool
---------------------------------------

### Selection of subjects

This study used data from health examinees (HEXA) of KoGES to obtain general information, disease history, and single-day 24-h recall assessment for the development of the FBDI. Details related to the KoGES cohort are provided elsewhere \[[@B26]\]. A total of 33,615 subjects were aged 40--72 years in the 2012--2014 KoGES HEXA. Among them, 15,157 had diseases (i.e., hypertension, diabetes, stroke, myocardial infarction, angina pectoris, chronic gastritis, gastric ulcer, duodenal ulcer, chronic hepatitis, cholecystitis, bronchitis, arthritis, and cancer) that could potentially affect the hs-CRP levels. Moreover, we excluded subjects with hs-CRP levels \> 10 mg/L (n = 262), which reflected exposure to infectious diseases or taking medications \[[@B8]\]. Additionally, those with implausible calorie intake ranges (\< 500 kcal/day or more 4,000 kcal/day; n = 287) were excluded. People with missing data on general characteristics, anthropometric measurements, and laboratory analysis were excluded (n = 138), which resulted in 17,771 (52.8% of original data) subjects in the final analysis ([Fig. 1A](#F1){ref-type="fig"}). The present study was approved by the Clinical Test Deliberation Commission of the Institutional Review Board, Wonkwang University (WKIRB-201801-SB-006).

### Food groups

In this study, we reclassified 18 food groups provided by the KoGES-HEXA into 51 food groups. Grains were classified into nine categories: white rice, other grains, bread · wheat flour, noodles, ramen, pizza · hamburgers, rice cakes, cereal, and cookies · confectioneries. Based on the data from International Agency for Research on Cancer, fruits were divided based on colors and classified into four kinds: orange (colored) fruits, citrus fruits, red fruits, and berries \[[@B27]\]. Vegetables were divided according to colors or characteristics and classified into nine kinds green vegetables, cabbage · stem vegetables, lettuce, onion, bulbs, red vegetables · tomatoes, kimchi, ginger, and ginseng. Kimchi, frequently consumed by Koreans, was categorized separately. Meat was classified based on the criteria reported in a study conducted by Linseisen et al. \[[@B28]\] and was finally divided into eight categories: beef, pork, bacon, poultry, intestines, the other meat, processed meat product, and fried chicken. Beverages were classified into four kinds: brewed coffee beans · leaf tea, *sikhye* · carbonated beverage, mixed coffee · sweetened drinks, and alcohol. Fish and seafood was classified into four kinds (fish, shellfish, processed seafood, salted seafood (including salted fish egg)) and fat and oils into animal fat and vegetable oils. The others were primarily used food groups in KoGES: potatoes, sugars, legumes, nuts · seeds, mushroom, eggs, seaweed, dairy products, seasoning, and processed food.

### Biochemical profiles

Blood samples were drawn by medical technologists after an 8-h overnight fast, collected in EDTA-containing tubes, and centrifuged at 3,500 rpm for 10 min at 4℃. Serum hs-CRP levels were measured with the Modular Analytics (Hitachi, Japan) using exclusive reagents (CRPHS, Roche, USA).

### Statistical analysis

We conducted the Spearman correlation analysis and multiple regression for the selection of food groups and development of the FBDI formula. The Spearman correlation analysis between log hs-CRP and the 51 food groups was carried out to select food groups that considered a significant correlation (*P* \< 0.05). The selected food groups were reanalyzed using a stepwise multiple regression method with hs-CRP as a dependent variable. We set probability-to-enter significance level at *P* ≤ 0.05, and probability-to-remove significance level at *P* ≥ 0.1 for the stepwise regression procedure. The FBDI formula was developed using the regression coefficients derived from the regression analysis ([Fig. 2](#F2){ref-type="fig"}). All analysis results were considered significant at *P* \< 0.05 and statistical analyses were performed with SPSS version 23.0 (IBM Corp., Armonk, NY, USA).

Association with FBDI and metabolic syndrome
--------------------------------------------

### Selection of subjects

This study used data of 22,948 subjects from the 6th KNHANES (2013--2015). A total of 7,795 subjects were included in the final analysis for the association of FBDI with metabolic syndrome, after excluding 15,153 subjects ([Fig. 1B](#F1){ref-type="fig"}). Exclusions were those who had calorie intakes of \< 500 kcal/day or \> 4,000 kcal/day and those aged \< 19 years or \> 65 years. Subjects who had a history of stroke, myocardial infarction, and cancer and who did not have complete information about general characteristics, anthropometric data, laboratory data, and single day 24-hour dietary recall were also excluded. Additionally, subjects who were receiving dietary therapy were excluded.

Metabolic syndrome was diagnosed according to the definition of the Modified National Cholesterol Education Program Adult Treatment Panel III proposed by the American Heart Association and National Heart, Lung, and Blood Institute (AHA/NHLBI) in 2005 \[[@B29]\]. HDL-cholesterol concentration of ≤ 40 mg/dL in men and ≤ 50 mg/dL in women, triglyceride levels of ≥ 150 mg/dL, systolic blood pressure of ≥ 130 mmHg or diastolic blood of ≥ 85 mmHg, or fasting blood glucose level of ≥ 100 mg/dL were characteristics of metabolic syndrome. Regarding the waist circumference, the Obesity Treatment Guidelines of the Korean Society for the Study of Obesity were used. Cut-off values of 90 cm and 85 cm were considered for men and women, respectively, beyond which an individual was diagnosed with metabolic syndrome. Demographic variables such as age, sex, household income, and educational level of the subjects were obtained through questionnaires, and body mass index was calculated by dividing weight (kg) by height squared (m^2^).

### Statistical analysis

For calculation of FBDI in KNHANES, we matched 1,501 food codes of KoGES with 1,075 secondary food codes of KNHANES. To evaluate the difference in the general body measurements, biochemical indicators, and nutrient intake according to FBDI, FBDI values were divided into quartiles, and analysis of variance and crossover analyses were performed. In addition, odds ratio (OR) and confidence interval (CI) were calculated by performing binary logistic regression analysis to analyze the prevalence of metabolic syndrome associated with FBDI. All analyses were performed as composite samples, which calculated the composite weight by multiplying the survey weight by one-third for each of the years (2013--2015). Nominal variables were household income (low/moderate-low/moderate-high/high), educational level (primary school/middle school/high school graduation/college graduate or higher), present smoking status (current/past/non-smoker), and moderate physical activity practice rate (Y/N), and continuous variables were age, energy intake, and body mass index. All statistical analyses were considered significant at *P* \< 0.05 and were performed using SPSS version 23.0 (IBM Corp., Armonk, NY, USA).

RESULTS
=======

Development of the FBDI assessment tool model
---------------------------------------------

As a result of correlation analysis with between log hs-CRP and the 51 food groups, 17 food group showed a significant correlation (*P* \< 0.05) ([Table 1](#T1){ref-type="table"} & [2](#T2){ref-type="table"}). After repeating the multiple regression analysis of 17 food groups, 10 food groups finally selected as significant formula factors ([Supplement 1](#S1){ref-type="supplementary-material"}). The β coefficients derived from each food group intake was too small, therefore, each β coefficient was multiplied by 100. We developed the formula using applied value derived the beta (β) coefficients of the multiple regression equation for the 10 food groups with confirmed significance ([Fig. 2](#F2){ref-type="fig"}).

Association with FBDI and metabolic syndrome
--------------------------------------------

### Characteristics of subjects according to FBDI

[Table 3](#T3){ref-type="table"} shows the results of the analysis of the characteristics of subjects according to FBDI using the 6th KNHANES data for the association of FBDI with health indicators. The difference in sex, income, educational level, smoking and energy intake (kcal) with increasing FBDI was significant (*P* \< 0.001); however, the difference with age, BMI and experience of physical activity was not significant.

### Comparison of metabolic syndrome indicators and blood lipid concentration according to FBDI

[Table 4](#T4){ref-type="table"} shows the comparison of metabolic syndrome indicators and blood lipid concentration according to FBDI. Waist circumference (WC), systolic blood pressure (SBP), diastolic blood pressure (DBP), and triglyceride, which are components of metabolic syndrome, were found to significantly increase with increasing FBDI (*P* \< 0.001), and the HDL-cholesterol level was found to significantly decrease with increasing FBDI (*P* \< 0.001).

### Association between FBDI and metabolic syndrome

[Table 5](#T5){ref-type="table"} shows the results of the binary logistic regression analysis for the association between FBDI and metabolic syndrome. Among all subjects, the odds ratio of metabolic syndrome was found to be 1.884 times higher in the group with the highest FBDI than in the group with the lowest FBDI (95% CI: 1.566--2.266) (*P* \< 0.001, *P* for trend \< 0.001). Moreover, in the covariant-adjusted model (age, sex, educational level, income level, BMI, caloric intake, smoking, and physical activity), the prevalence of metabolic syndrome was 2.618 times higher in the group with the highest FBDI than in the group with the lowest FBDI (95% CI: 1.778--3.856) (*P* \< 0.001, *P* for trend \< 0.001).

DISCUSSION
==========

This study aimed to develop an FBDI reflecting the actual inflammatory index and dietary intake of the Korean people and to analyze the association between FBDI and metabolic syndrome.

The composition of FBDI were included in seven anti-inflammatory food groups (green vegetables, eggs, citrus fruits, legumes, red fruits, bread · wheat flour, nuts and seeds) and three pro-inflammatory food groups (mixed coffee · sweetened drinks, white rice, and beef). Previous studies on the relationship between food group intake and chronic inflammation showed that higher intakes of specific food or food group intake such as whole grains, fruits, vegetables, brewed coffee, and tea were associated with lower hs-CRP levels \[[@B14][@B15][@B30][@B31][@B32]\]. In our study the relationship between hs-CRP and food group showed that as the intakes of legumes, red fruits, citrus fruits, and green vegetables increases, hs-CRP decreases, showing similar results to that of the previous studies \[[@B14][@B30][@B32]\]. The increase in intake of citrus polyphenol, which is abundant in citrus and flavonoid that is abundant in red fruit decreases the blood levels of hs-CRP \[[@B31][@B33][@B34]\].

Various nutrients can be obtained by the traditional Korean diet in a balanced way through rice, soup, and various side dishes. Therefore, it is perceived that Korean dietary pattern consisting of rice is as a healthy diet \[[@B38]\]. However, previous studies reported that relatively high consumption of carbohydrates by rice intake with a few side dishes, is related to the increase in metabolic syndrome, diabetes, and dyslipidemia \[[@B39][@B40]\]. Similar to the results of previous studies, rice was also analyzed as a pro-inflammatory food in our study. Therefore, when suggesting dietary guidelines for metabolic disease patients with FBDI, balanced intake of various foods should be emphasized.

The FBDI developed in this study is worth drawing attention. The FBDI was developed to reflect the relationship between inflammation and dietary intake using the foods showing direct correlation with the blood index of inflammation. Another significant point is that it can be calculated and assessed dietary inflammatory status directly in clinical practice field. The EDII, which was developed as an index that reflected the association between Western dietary style intake and biochemical inflammatory markers, is different with FBDI in terms of the kinds of inflammation-related foods \[[@B24]\]. The FBDI could be used as dietary assessment tool for measuring inflammation levels of subjects in countries with rice as a staple food.

Hs-CRP is known as an inflammatory index that can determine the individual\'s health status, and the AHA/CDCP presents the criteria for hs-CRP as an index for treatment and prognostic monitoring in patients with CVD \[[@B7][@B8]\]. In a previous study, we developed an inflammatory index based on the dietary patterns of Koreans (K-DII) by selecting the final 17 food groups through logistic regression analysis as a reference value of hs-CRP values using the matching sample method with the ratio of 1:2 \[[@B25]\]. However, the limitation of the K-DII was that it was developed based on hs-CRP values of ≥ 3 mg/L which is used as a reference of cardiovascular disease risk factor. However, FBDI is composed of food groups showed a correlation with hs-CRP values representing the chronic inflammation status instead of specific disease. Therefore, FBDI may be used for prevention and management of chronic inflammatory disease, such as metabolic syndrome, diabetes and hypertension, by estimating the inflammatory value. Regarding the association of FBDI, this study analyzed the 6th KNHANES data. Lower FBDI scores imply an anti-inflammatory diet, and higher scores reflect inflammatory meals. As a result of the analysis on the relationship between FBDI divided into quartiles and metabolic syndrome, as FBDI increases, waist circumference, systolic blood pressure, diastolic blood pressure, triglycerides, and HDL-cholesterol were significantly different among the components of metabolic syndrome and the risk of metabolic syndrome was also different. Metabolic syndrome is a disease that has been reported to correlate with various forms of inflammation, and many studies have shown its relationship with hs-CRP. Ghayour-Mobarhan et al. \[[@B41]\] showed a positive correlation between CRP and triglyceride, and another study on 229 adults with metabolic syndrome in Korea showed a positive correlation between hs-CRP and waist circumference \[[@B42]\]. In a study by Ridker et al. \[[@B43]\], the number of subjects with metabolic syndrome was significantly increased according to the concentration of CRP, and in a study conducted by Santos et al. \[[@B44]\] on adults in the Portuguese region, all five components of metabolic syndrome were significantly higher in CRP when the criteria for metabolic syndrome are met, and as the number of constituent indicators increased, the average concentration of CRP increased. In our study, the risk of metabolic syndrome was increased in the group with higher FBDI than those with lowest FBDI. The study conducted by Indulekha et al. \[[@B45]\] of Asian-Indians showed that as the log hs-CRP value increases, the risk of metabolic syndrome increases. Vu et al. \[[@B46]\] reported that increased incidence of peripheral vascular disease such as diabetes and CVD were associate with the increase of CRP levels. In the study by Danesh et al. \[[@B7]\] that analyzed the Reykjavik study, the risk of coronary artery disease was found to be 1.92 times higher in patients with CRP of \> 2 mg/L, showing that CRP is closely related to vascular disease prognosis. The association of FBDI with disease was carried out for metabolic syndrome only at this time, therefore, further investigation of the association between FBDI and various chronic inflammatory related diseases is needed.

The limitation of this study is the use of 24-hour recall method to develop FBDI, which may not reflect the usual dietary intake pattern. In addition, FBDI was developed by analyzing the association between food intake and hs-CRP only, a typical inflammatory index. However, this study is significant because it developed a nutritional assessment tool that can be easily used on the clinical site reflecting the dietary inflammatory potential in Koreans.
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SUPPLEMENTARY MATERIAL
======================

###### Supplement 1

Analysis of multiple regression between hs-CRP and food groups

![Flowchart of subjects.\
(A) Development of Food Based Dietary Inflammatory potential (FBDI) data from KoGES HEXA. (B) Association of the FBDI and metabolic syndrome data from KNHANES.](nrp-13-150-g001){#F1}

![Food-Based Dietary Inflammatory Potential; FBDI formula](nrp-13-150-g002){#F2}

###### Analysis of correlation between log hs-CRP and food groups
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###### Food groups classification
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###### Characteristics of subjects according to quartile of FBDI (Q1--Q4)
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^†^Mean (SD)

^‡^n (%)

###### Comparison of metabolic syndrome indicator and blood lipid concentration according to quartile of FBDI (Q1--Q4)
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MS, Metabolic Syndrome; WC, Waist Circumference; SBP, Systolic Blood Pressure; DBP, Diastolic Blood Pressure; TG, Triglyceride; HDL-chol, High-density lipoprotein cholesterol; LDL-chol, Low-density lipoprotein cholesterol

###### Odd ratios of metabolic syndrome according to quartile of FBDI (Q1--Q4)
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^†^Model 1: adjusted for sex, and age

^‡^Model 2: adjusted for sex, age, education, and income

^§^Model 3: adjusted for sex, age, education, income, BMI, and energy

^¶^Model 4: adjusted for sex, age, education, income, BMI, energy, smoking, and physical activity
